We examined Ki-67, p53, p21, and p27 immunolocalization in 43 cases of apocrine lesions of the breast and correlated these findings with histologic parameters to understand their biologic significance. Twenty cases were benign, 1 case was borderline, and 22 cases were diagnosed as malignant, including 9 intraductal and 13 invasive apocrine carcinomas. 
A recent development in noninvasive diagnostic techniques for breast diseases, especially mammography, has contributed greatly to the detection of minute foci of intraductal carcinoma, including cases with diffuse apocrine cytology (1) (2) (3) . Apocrine carcinoma of the breast has been relatively well characterized, but the clinicopathologic significance of apocrine adenosis (4), atypical apocrine adenosis (5), papillary apocrine change (6) , and atypical apocrine hyperplasia (7) has not been characterized in detail.
The presence of focal apocrine metaplasia within epithelial proliferations of the breast is generally considered an important indicator in the histopathologic diagnosis of benignity (8) . However, histologically, it is occasionally difficult to interpret the malignant potential of intraductal lesions with diffuse apocrine features, because benign apocrine metaplastic cells may be associated with various degrees of nuclear atypia or the presence of macronucleoli (8) . Therefore, we studied various apocrine breast lesions using immunohistochemistry for Ki-67, p53, p21, and p27 to examine the biologic significance of these markers in proliferative apocrine lesions of the human breast, especially in relation to the identification of a possible malignant phenotype.
Twenty cases were benign (7 apocrine cysts with some degree of papillary hyperplasia, 7 apocrine adenosis, 3 intraductal papillomas, 2 ductal adenomas, and 1 adenomyoepithelioma), 1 case was considered borderline (atypical apocrine adenosis [5] )), and 22 cases were diagnosed as malignant (9 intraductal carcinomas of apocrine type and 13 invasive apocrine carcinomas).
The definition of apocrine metaplasia was based on the criteria reported by O'Malley et al. (3) and Tavassoli and Norris (2) . It is summarized as follows: (1) markedly eosinophilic cytoplasm with fine granularity, (2) large and moderately vesicular nuclei with an occasional prominent red nucleoli, and (3) the occasional presence of apical snouts. A potential marker for apocrine differentiation, gross cystic disease fluid protein-15 (GCDFP-15), was consistently positive in all of the cases examined in this study. However, the presence of GCDFP-15 alone was not considered as apocrine metaplasia because of the reported presence of GCDFP-15 immunoreactivity in nonapocrine breast epithelial cells (9) , and, therefore, we did not include this in the criteria in defining apocrine metaplasia in our study.
One representative block from each case was examined in this study. Sections of 3 to 4 M were dehydrated and rehydrated in graded alcohol. The sections were then placed in a pressure cooker in a closed plastic container filled with 10 mM citric acid (pH 6.0) for 10 min to do epitope retrieval, and then endogenous peroxide was blocked with 0.3% hydrogen peroxidase for 10 min. The primary antibodies used were anti-Ki-67 (MIB-1, mouse monoclonal, dilution 1:100, 60 min; Immunotech, Inc., Westbrook, ME), anti-p53 (CM1, rabbit polyclonal, dilution 1:600, 30 min; Novocastra Laboratories, Newcastle upon Tyne, UK), anti-p21 (clone Cip1, mouse monoclonal, dilution 1:500, 30 min; Santa Cruz Biochemistry, Santa Cruz, CA), and anti-p27 (clone Kip1, mouse monoclonal, dilution 1:500, 30 min; Transduction Laboratory, Lexington, KY). These primary antibodies were incubated at room temperature in a moist chamber. Immunostaining was performed by Envision system (DAKO Japan, Kyoto, Japan), and the peroxidase reaction was developed using diaminobenzidine. A light Mayer's hematoxylin was used as a counterstain.
Negative controls were performed using 0.01 M phosphate buffered saline instead of the primary antibodies above. No specific immunoreactivity was detected in these negative control sections. Only nuclear immunoreactivity was regarded as positive. A total of 500 cells were examined, and the cases that demonstrated more than 10% (50 cells) positive cells were determined to be positive cases. Statistical analysis was determined by either 2 test or two sample t tests.
RESULTS

Histopathologic Findings
Seven cases of benign apocrine cysts were associated with papillary epithelial hyperplasia (Fig. 1) . Stratification of apocrine metaplastic cells without intervening fibrovascular stroma was detected in these benign cases. Nuclei were usually small and uniform. Apocrine adenosis was usually associated with some degree of nuclear enlargement. However, the lobulocentricity of the lesion, as well as the presence of a myoepithelial layer, excluded the possibility of invasive carcinoma. Apocrine metaplasia was seen focally in the lesions of intraductal papillomas, ductal adenomas, or adenomyoepithelioma, without severe nuclear atypia. Borderline lesions with uncertain malignant potential and atypical apocrine adenosis were detected in one case. A 3-fold variation in nuclear size was detected focally in these cases (Fig. 2) .
All nine intraductal carcinomas with diffuse apocrine cytology were associated with moderate to severe degrees of nuclear atypia. Nuclear enlargement, variation in nuclear size, or presence of macronucleoli was detected in these cases. Architecturally, all nine cases demonstrated cribriform, micropapillary, or papillary patterns (Fig. 3 ). Tumor cells were evenly distributed, and sharply defined glandular or luminal spaces and/or rigid papillae were detected in all of these cases. Five of nine cases demonstrated the presence of comedonecrosis. We could not find any cases of extremely lowgrade apocrine intraductal carcinoma or atypical ductal hyperplasia of apocrine type. One case demonstrated architecture similar to that of atypical apocrine adenosis, but the presence of the macronucleoli, as well as nuclear pleomorphism, confirmed the diagnosis of intraductal apocrine carcinoma in sclerosing adenosis (Fig. 4) . Invasive apocrine carcinoma (Fig. 5) had variable architectural patterns, including papillotubular, solid, or trabecular. Nuclear grade was also moderate to severe.
Immunohistochemistry
Results are summarized in Tables 1 and 2 . Only one case of intraductal papilloma with focal apocrine metaplasia was positive for Ki-67 or MIB-1 immunoreactive protein (11% of the apocrine epithelial cells were positive) among benign cases. A borderline malignant case (atypical apocrine adenosis) was also negative. The ratio of positive cases in malignant lesions (Fig. 6 ) (17 of 21 [88.9%]) was significantly higher than that of benign lesions (1 of 19 [5.3%]) (P Ͻ .001). None of the benign or borderline cases was positive for p53 immunoreactivity, and 15 of 22 malignant cases (68.2%) were positive for p53 (P Ͻ .001). All nine intraductal carcinomas were positive for p53 (100%) (Fig. 7) . The rate of immunoreactive p53 protein in intraductal carcinoma was statistically more frequent than that of invasive carcinomas (46.2%; P Ͻ .01). The rate of p21 immunoreactivity in malignant cases (14 of 22 [63.6%]) was slightly higher than in benign cases (7 of 19 [36.8%]), but the difference did not reach statistical significance.
In malignant cases, the mean percentage of Ki-67-positive cells or Ki-67 labeling index was 15.0%, which was significantly higher than in benign cases (average, 2.7%; P Ͻ .005). All benign or borderline cases were negative for p53, whereas all but one case among the malignant cases were positive for p53. The mean percentage of p53-positive cells was 23.4% in carcinoma cases. Intraductal carcinomas demonstrated a higher percentage of p53-positive ratio than invasive carcinomas, but the differences did not reach statistical significance. The mean percentage of p27-positive cells was slightly higher in malignant (23.5%) than in benign cases (7.9%), but the differences did not reach statistical significance.
Among carcinoma cases, those with high nuclear grade (NG3: 13 cases, 6 intraductal and 7 invasive ductal) were compared with those with intermediate nuclear grade (NG2: 9 cases, 3 intraductal and 6 invasive). The ratio of Ki-67-positive cases (NG3: 11 of 12; NG2: 6 of 9) and the percentage of Ki-67-positive cells (NG3: 15.0%; NG2: 15.1%) were not different between these two groups of the carcinoma cases. The ratio of p53-positive cases was significantly higher in NG3 cases (11 of 13 [84.6%]) than in NG2 cases (4 of 9 [44.4%]; P Ͻ .05). The percentage of p53-positive cells in NG3 cases (30.5%) was higher than in NG2 cases (13.2%), but it was not statistically significant.
No other significant differences in the immunohistochemical localization were detected among different types of benign lesions, subtypes of intraductal carcinomas (presence of comedonecrosis, nuclear grade, structural subtype), or the histologic grade of invasive carcinomas (tubule formation, nuclear pleomorphism, mitotic counts).
DISCUSSION
It is occasionally very difficult to determine benignity or malignancy in proliferative breast disorders with diffuse apocrine differentiation or metaplasia (3, 8) . Abati et al. (10) reported that the most consistent and important cytologic feature in apocrine carcinoma is high nuclear grade in a great majority of tumor cells and prominent eosinophilic nucleoli. The cytologic features described by Abati et al. are also consistent with our study. However, results from our study demonstrated that immunolocalization of Ki-67 and p53 may contribute to the differential diagnosis of breast lesions with diffuse apocrine metaplasia. Both the number of positive cases and the percentage of positive tumor cells were significantly higher in malignant apocrine cases than in benign apocrine cases. There was only one case of benign lesions with more than 10% Ki-67 positivity. None of the benign or borderline cases examined in our study was associated with p53 immunoreactivity. These results suggest that the Ki-67 and/or p53 immunohistochemistry can be an auxiliary method for determining the possible biologic behavior of lesions, as reported in other nonapocrine breast ductal proliferative disorders (11, 12) .
Ki-67 labeling index was higher in carcinoma than in atypical ductal hyperplasia (13) and higher in carcinoma than in normal breast (11) . P53 im- munoreactivity was generally not detected immunohistochemically before the carcinoma in situ phase throughout the course of possible breast carcinoma development (12) . Results from our study revealed that there was a difference in the patterns of p53 immunoreactivity between apocrine and nonapocrine carcinomas. In apocrine carcinoma, p53 immunoreactivity in intraductal carcinoma was more frequently positive than in invasive ductal carcinoma, and high nuclear grade carcinoma was more frequently positive than intermediate nuclear grade carcinoma. Six of 9 intraductal carcinomas (66.7%) were of high nuclear grade, and 5 had extensive comedonecrosis, whereas 7 of 13 invasive apocrine carcinomas (53.8%) were of high nuclear grade. P53 immunoreactivity was reported to be strongly correlated with nuclear grade in both intraductal (14) and invasive ductal nonapocrine carcinomas (15) . Therefore, the roles of p53 in carcinoma development may be different between apocrine and nonapocrine carcinomas, but it awaits further investigations for clarification. These results also suggest that both Ki-67 and p53 immunostaining can be good markers for differentiating malignant apocrine lesions. When matched for age, in general, the relative risk for developing subsequent invasive carcinoma for atypical ductal hyperplasia falls between benign proliferative changes and in situ carcinomas (16) . Conversely, the classification of borderline lesions with diffuse apocrine cytology, which may have a similar spectrum of lesions, has not been universally accepted, and the biologic behavior of borderline lesions is not well established. Borderline apocrine lesions are classified into two categories (5, 17) : atypical apocrine adenosis and atypical ductal hyperplasia of apocrine type (2, 7). Atypical apocrine adenosis represents the lesion of adenosis with diffuse apocrine cytology and some degree of nuclear atypia. The enlarged nucleoli and greater than 3-fold variation in nuclear area may be required (17) . Two cases in our study initially had been considered to meet the criteria for this category. However, one case demonstrated only focal nuclear pleomorphism and was reclassified into benign lesions. Neither Ki-67 nor p53 was positive in these cases. Another case was diagnosed as intraductal apocrine carcinoma within the sclerosing adenosis because of the prominence of macronucleoli and diffuse nuclear pleomorphism. The cases of atypical ductal hyperplasia of apocrine differentiation were not available for our present study.
In a study on intraductal apocrine carcinoma by Tavassoli and Norris (2), 32 of 37 cases (86.5%) were of high grade, based on cytologic atypia and intraluminal necrosis. The remaining five cases were of intermediate grade. Similarly, the current study has demonstrated that six of nine intraductal apocrine carcinomas were high grade, and the remaining three were intermediate grade. Therefore, the borderline intraductal apocrine lesions, atypical hyperplasia to low-grade intraductal carcinoma, may in fact be rare. Further studies for collecting borderline malignancy and low-grade carcinoma cases are required to clarify further biologic differences between benign and malignant apocrine lesions.
Finally, p21 and p27 immunoreactive proteins were not effective for the apocrine lesions investigated in this study. In breast carcinoma cases, an inverse expression of p21 and p53 proteins has been reported (18) . Reduced immunohistochemical expression of p27 in breast carcinoma in comparison to benign lesions has also been reported (19) . Low nuclear expression of p27 within cancer cells may suggest poor survival for the patient (19) . Our results showed that apocrine lesions, regardless of their biologic behavior, tend to be stained far less than in 50% of the population. However, further studies are required for clarification.
In conclusion, our study may have very important clinicopathologic implications in the diagnosis and prognosis of patients with apocrine lesions of the breast. search on priority area (A-11137301) 
